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Fishing	 represents	 a	 major	 problem	 for	 conservation	 of	 chondrichthyans,	 with	 a	
quarter	of	all	species	being	overexploited.	School	sharks,	Galeorhinus galeus,	are	tar‐
geted	by	commercial	fisheries	in	Australia	and	New	Zealand.	The	Australian	stock	has	
been	depleted	 to	below	20%	of	 its	 virgin	biomass,	 and	 the	 species	 is	 recorded	as	
Conservation	Dependent	within	Australia.	Individuals	are	known	to	move	between	









differentiation	 from	 Tasmanian	 and	 New	 Zealand	 neonates	 was	 non‐significant	













Linnaeus,	 1758)	 have	 been	 intensively	 fished	 throughout	 Australian	
waters	since	the	1920s	for	their	oily	livers	and	later	on	for	their	meat	
(Olsen,	1954).	By	 the	1950s,	 there	was	concern	 that	overfishing	had	
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depleted	the	stock	of	this	species	with	low	biological	productivity	(i.e.,	
15–43	pups	every	2	years;	AFMA,	2015;	Olsen,	1984),	causing	a	shift	
toward	 targeting	 the	 faster	 reproducing	 gummy	 shark	 (Mustelus ant‐
arcticus;	Günther,	1870)	 (Walker,	1999).	However,	 school	 shark	catch	
continued	and	the	stock	is	currently	estimated	to	lie	between	8%	and	






Management	 of	 highly	 migratory	 species,	 such	 as	 school	
shark,	 presents	 difficulties	 given	 that	 international	 agreements	
may	 be	 needed	 to	 properly	manage	 shared	 stocks	 (Fowler,	 2014).	
Consequently,	 straddling	stocks	are	sometimes	managed	on	a	 less	
appropriate	 national	 scale.	 Such	 a	 problem	 may	 exist	 for	 school	
sharks,	which	are	managed	 independently	 in	Australia	and	 in	New	
Zealand	 (Francis,	 2010),	 despite	 tagging	 and	 genetics	 studies	 that	
have	questioned	the	assumption	of	separate	stocks.	Individuals	are	
reported	 crossing	 the	 Tasman	 Sea	 and	 migrating	 up	 to	 4,500	km	
(Coutin,	Bruce,	&	Paul,	1992;	Francis,	2010;	Hurst,	Baglet,	McGregor,	
&	 Francis,	 1999;	 McMillan,	 Huveneers,	 Semmens,	 &	 Gillanders,	
2018).	Nevertheless,	such	tagging	studies	do	not	provide	any	infor‐
mation	 about	 successful	 reproduction	 of	migrants.	 Note,	 that	 the	
level	of	gene	flow	required	to	overcome	genetic	separation	is	much	
lower	 than	 that	 required	 to	 assume	 complete	 mixing	 and,	 hence,	
joint	stock	management	(Begg	&	Waldman,	1999).
A	 lack	 of	 apparent	 genetic	 structure	 between	 these	Australian	
and	New	Zealand	 sharks	 has	 been	 reported,	 using	 allozyme,	mito‐
chondrial	DNA	(mtDNA),	and	microsatellites	(Hernández	et	al.,	2015;	
Ward	 &	 Gardner,	 1997),	 thus	 questioning	 the	 existence	 of	 imper‐
vious	 reproductive	 boundaries	 in	 this	 region.	However,	 a	more	 re‐
cent	study,	with	the	mitochondrial	and	similar	nuclear	microsatellite	
markers,	found	a	clear	separation	in	the	microsatellite	data	between	























in	 population	 structure	 studies	 (Anderson	&	Dunham,	2008).	Both	
biases	have	been	previously	reported	in	sharks	(Feutry	et	al.,	2017).
This	 study	aims	at	 testing	 the	hypothesis	of	a	 single	panmictic	
population	 of	 school	 shark	 between	 Tasmanian	 and	New	Zealand	
waters	 using	 novel	 genomic	 markers,	 while	 accounting	 for	 the	
“Allendorf–Phelps	 effect.”	 To	 investigate	 this,	 we	 genotyped	 ne‐





2  | MATERIAL AND METHODS
2.1 | Sample collection
Eighty‐eight	school	sharks	were	collected	between	2009	and	2013	
using	 long	 lines	and	gillnets	 from	Tasmania	 (TAS,	n	=	47)	and	New	
Zealand	 (NZ,	 n	=	41)	 (Figure	 1).	 Sampling	 sites	 in	 both	 countries	
were	known	nursery	areas,	 and	only	neonates	and	 juveniles	 (total	





2.2 | SNP genotyping and filtering
Single	 nucleotide	 polymorphism	 genotyping	 was	 carried	 out	 by	
Diversity	Array	Technologies	 (DArT,	Canberra,	Australia)	using	 the	
DArTseqTM	protocol,	a	method	of	sequencing	complexity	reduction	
representations.	 The	 DArTseqTM	 protocol	 used	 in	 this	 study	 was	




Quality	 filtering	was	performed	 in	R	v3.5.1	 (R	Core	Team,	2016),	
using	the	dartR	v1.1.6	(Gruber,	Unmack,	Berry,	&	Georges,	2018)	and	
the	Adegenet	v2.1.1	(Jombart	&	Ahmed,	2011)	packages.	Low	call	rate	
























2.3 | Population diversity and structure analyses
Genetic	 diversity,	 fixation	 (Fst),	 and	 allelic	 differentiation	 (Jost's	
D or Dest)	 indices	were	 calculated	with	 diveRsity	 v1.9.90	 (Keenan,	




Components	 (DAPC,	 Adegenet	 v2.1.1;	 Jombart	 &	 Ahmed,	 2011)	
and	 STRUCTURE	 v2.3.4	 (Pritchard,	 Stephens,	 &	 Donnelly,	 2000).	
With	DAPC,	the	optimal	number	of	clusters	(K)	was	determined	by	
the	 lowest	 Bayesian	 Information	 Criterion	 (BIC),	 and	 a	 successive	
K‐means	algorithm	was	used	to	group	the	sharks	according	to	this	














from	TAS	with	 an	 excess	 of	 heterozygous	 loci	 compared	 to	 other	
sharks,	probably	due	to	for	cross‐contamination,	was	removed	from	
the	data.	For	these	87	sharks,	a	total	of	6,760	neutral	SNPs	passed	










Loci Sharks Loci Sharks
Start 31,550 88 31,550 77
Multiple	loci	on	the	
same	sequence
24,504 88 24,504 77
Monomorphic	loci 21,275 88 20,951 77
Locus	call	rate	≥	0.95	&	
Shark	call	rate	≥	0.95
13,931 88 13,579 77
Shark	
heterozygosity	≥	0.20
13,931 87 13,579 76
Monomorphic	loci 13,918 87 13,555 76
Average	
reproducibility	≤	0.98
13,581 87 13,237 76
Coverage	≤	15	reads 13,439 87 13,103 76
Coverage	≥	90	reads 13,363 87 13,031 76
Minor	allele	
frequency	≤	0.05
6,768 87 6,603 76
Locus	observed	
heterozygosity	≥	0.6
6,763 87 6,594 76
Outlier	loci 6,760 87 6,587 76
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all	the	filtering	steps.	Sibship	analysis	of	this	dataset	revealed	seven	
full‐sibling	 groups	 (but	 no	 half	 siblings)	 among	 the	 TAS	 neonates.	
One	 individual	 from	 each	 of	 the	 seven	 full‐sibling	 groups	was	 re‐




Genetic	 diversity	 indices	 were	 similar	 for	 sharks	 from	 TAS	 and	
NZ.	 (Table	2).	The	 fixation	and	differentiation	 indices	 for	 the	neu‐
tral	 SNPs	 indicated	 a	 significant	 genetic	 difference	 between	
TAS	 and	 NZ	 (FST	=	0.0023,	 CI95	=	[0.0017,	 0.0028],	 p = 0.0000; 








Neutral	 genetic	 diversity	 decreased	 slightly,	 but	 non‐significantly,	
compared	 to	 the	 dataset	 with	 full	 siblings	 and	 did	 not	 show	 any	
differences	 between	 TAS	 and	 NZ	 (Table	 2).	 Pairwise	 FST	 became	


































between	 effective	 population	 size,	 population	 structure,	 and	 family	
structure,	we	suggest	repetitive	sampling	over	time	can	help	interpret	
population	structure	in	the	presence	of	family	members.





















This	 study	 builds	 on	 the	 many	 telemetry	 and	 genetic	 studies	
that	have	investigated	movement	and	connectivity	of	school	sharks	
within	 Oceania	 (Bester‐van	 der	Merwe	 et	 al.,	 2017;	 Coutin	 et	 al.,	
1992;	Hernández	et	al.,	2015;	Hurst	et	al.,	1999;	McAllister,	Barnett,	
TA B L E  2  Genetic	diversity	of	87	(6,760	SNPs)	and	76	(6,587	
SNPs)	sharks,	respectively
With full siblings Without full siblings
Overall TAS NZ Overall TAS NZ
N 87 46 41 76 35 41
Ho 0.263 0.264 0.262 0.265 0.265 0.264
HE 0.285 0.285 0.284 0.285 0.284 0.285
FIS 0.068 0.070 0.069 0.066 0.065 0.067
AR 1.995 1.995 1.994 1.992 1.990 1.993
Note. N,	 sample	size;	HO,	observed	heterozygosity;	HE,	expected	hete‐
rozygosity;	FIS,	inbreeding	coefficient;	AR,	allelic	richness.








Genetic	 diversity	 was	 similar	 between	 both	 sampling	 regions,	 but	
lower	 compared	 to	 previous	 studies	 (He	=	0.5–0.75;	Hernández	 et	
al.,	2015;	Bester‐van	der	Merwe	et	al.,	2017;	Domingues	et	al.,	2018).	
This	discrepancy	with	other	studies	can	be	explained	by	the	choice	




Maisano	 Delser	 et	 al.,	 2018;	 Pazmiño	 et	 al.,	 2018).	 Furthermore,	
Ward	and	Gardner	(1997)	found	weak	evidence	of	genetic	differen‐
tiation;	however,	this	was	based	on	a	single	allozyme	and	mitochon‐
drial	 DNA	markers.	Hernández	 et	 al.	 (2015)	 showed	 the	 presence	
of	a	single	genetic	population	in	Oceania,	using	mtDNA	and	micro‐









The	use	of	neonate	and	 juvenile	samples	 in	 this	study	 is	 ideal	 to	de‐
tect	population	structure	in	highly	migratory	species,	but	our	sampling	
design	and	choice	of	markers	did	not	allow	us	to	fully	investigate	po‐
tential	 temporal‐	 or	 sex‐biased	 dispersal.	 Regional	 female	 philopatry	
has	been	 suggested	by	Bester‐van	der	Merwe	et	 al.	 (2017)	 in	 South	
Africa;	 however,	 this	has	not	 yet	been	observed	 in	Oceania	 (Francis,	
2010;	Hernández	et	al.,	2015).	Hernández	et	al.	(2015)	did	not	detect	



















existed,	 would	 only	 impact	management	 practices	 if	 nurseries	 areas	
were	to	be	targeted	by	the	fishing	fleet,	which	is	not	the	case.
5  | CONCLUSION
In	 conclusion,	 this	 study	 has	 illustrated	 how	 kin	 bias	 can	 affect	
population	 structure	 inference	 if	 sampling	 is	 not	 randomly	 spread	
and	proposed	 several	measures	 how	 to	 identify	 such	 biased	 sam‐
pling	toward	kin.	The	unbiased	estimates	of	population	connectivity	
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